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«Ey- h«»«±^»*sixfcy- hmmtzm?L, 

•9. mm-co&m. mm. *>y ^>Rx/mm^uT^ 
;<vrmt *^i-s r t z&m t-rz*m&mw: 0 
im*m 2 ] atrial- h &»m&, mm^mmmmco 

tfM x v\Vr mu±^y<vrmn. ffrE-o&m, mmRTf&m*^ 

^ S i y O (iaix>0lOy>0) <b^fSLfCct^{C. 

0. 23^y/ (x + y) =g0. 9 0ffe6r<l:^ 

f [111*914] mW.-(D&M. mmRTJ^V 

si y o (fiLx>oio y >o) tmrn^tzk^i^ 

0: 23^y/ (x + y) ^0. 3 0 T?fc 5 r k ***» 

f^V^V^ we— mm. ^y^ywii^wm 
S^JL o, s iat/Ni:Lr«riBT»^yrK©j|art*MxS 

3V 1 iyON (|ILx>01oy>0) £*ELfci:#te, 

x/ (x + y) ^0. 1 0T?3bZ>Z\k&ftWLk'tZ>m$i 

m i izmtsxD^mftmWo 

^ r. £ *4$m<t -f z>m#m 1 ^e««>*w*ss«. 

Jt**tr*R«*R**riii- 5 xa k . 

mmmmmmm^Mvxmmm^n^o^k^x^). m 

v-y syMmtmtrMtdUi:, 

[it 9 ] wim&mmmm&M&irz>j:m£ r> hm 

-tzumk *^tf r t «r#»i:1-aH#* 7 tcfS^O^ 



ie— co^m k $imm ^<om^ * sr^tr y - * ^ y # 

* JB t^fc C v Difcfc J: !9 BftE*iRtt*tt*»fiM- £ II 

t *#« k -tzm &m 7 KKtt<0¥*ffSiHtf> 

E-0>£«*£tfy-*:/y «rEBf3£0>*R 
£^fry-^#^ <t *fflv^c v D^t^ <t 9 ntjfSiibRm 

10 [RM12] «HEJfi5«**HtSrJgrti-6Xfitt. Mr 
h^^PVDitia 9 MnEKRMK**!**- 

^tfflsRa^MSr^fiK-rsxa^ , 

WIBKR«**c#LTS»*afc*Tft5^i:^J:9, fltr 
E*tt«^fe*>a =»^«rBtrlEi«R«*R*{ca«:§*r 

20 striB^y ^>^tiiit$i^±icy- h«st<csw 

1 4 ] WEKR«W*:»fiJii-5xa J: 5 t 
Utile. StrffiS«±l^ v-y^v, SSR&t^TKSISr^tpie 

WEjKR«*w;i»Lri»*a3a«rff3fc5xatt, 
»Bt^*tt5vy 3^s:S(rEi*Rii;*i»*^a«$* 

^>Il<b, «TEii5R«*l»f-$*n5fltrE— ^JKSrffiT 

EifeSK* icfctfc tsp^< y r at*** 

30 i"SXa^**t?r t*»«i:-t--5»*3Si 3^E«tO 

■ [ft*^15] «rEKR«*K*»j«i-<5Xai4, tut 
E— <D&mkjkmk*^tsy— ^-t^rffll^C 
VD^fc: J: fltrEi*R«*l»**fi8-*-s xa*^tpr ^ 
*»»ti-5W3ft*l 3 fcEtt^¥**K«0«5g* 

40 -tzjim&'Sttzk&vrmk'tzmxmi 3ice*co^ 
7] «rE»R**R*»«rsxatt, 

***tf#B**T?«dE— ©A«*4tf*— y-y h*ffl 
v >fc P v Dfclc J: 19 WEKR«*«*»j«i-a xa** 

tp: ^ *4*«^-rs»*« i 3 \cmffi<D*mftmm(Dm: 

so [ffi*« 1 9 ] mEXRtt^niwM- LTSMQ«*tT# 
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» 6 x a * « x. t v > « n t * #m t i- 5 it * * 7 x 
^xmicfeitsflR^ajagtie o otaiios sot 

g©«lrMxS i y O (fiLx>OIOy>0) t*I5 

i-5t*iw$sit^n-fe^-fto*ig?as«rT [<c] tmm 

TS6. 69-y/(x + y)+749. 4T-fc5;i 
SrflMftt 7 Xtel 3 tclElttcD^flE^B©®! 20 

[«*«2 3] artsy- hwiwt^y = >*r*trt*» 

J: 19 4 9 , 

y/ (x + y) ^0. 3 ot^S: ££if$®£i-5lf# 
*2 2K1ERo¥3IWiS«OM6#ffi. 

[B*5 2 4 ] miiey- ^yvy- h«s-e 

TR»SM?* 5 IMtTi/^r <h Sr«»i:t5fll 
[0 0 0 1 ] 

[0 0 0 2] 

a«ii«>fejh/c^a. »«ffcf-#v>y- h*e&Bi<z>*8ffi|{fc; 

\~ x ^yz=.$j»**-9"( K (Hf02 ) ^/U=r-r>^ 
*-*iNf K (Z r O2 ) *©*R«W***rffl^fcy-- 
h&iffjgl (WT> high-ky-HftHBttW-t-*) fcJ: 
«9, »1>S i O2 &gffilJ¥ (J^T\ EOT««) £ 

[0 0 0 3] mUtXWH 2000-58832^-^ KERStLT 

hZo *1\ ^y=>*«±ij:s io 2 JBeoRtbttR so 



■^CVDSWcJ;!?, ^3 = ^xtt/>7=«?AJ: 9 
4*&««**»-t-4 0 R£RRte»LT\ M 

fRft^/Ua^A (ZrOxNy) Xtt*^^»fc^7 
(HfOxN y ) J:9 46high-ky-M6»BIS:HJ 

[0 0 0 4] 

high-k^- hif&ltJ^iCiJo^Tte, Kit^crir^^O^ra 

[0005] miai^«*. wi^Jt»«*3fts» 

3W*3S«Sr*a-e# 3 £ 5 fc-f* r <h «r B ft 
[0 0 0 6] 

y-h y- hR»R±fc»j**;h,fcy— 

= vfc*to«5R«WRi:, XR»*R©T«fc:»riiSix 

[0 0 0 7]*38^**8li:J:5^ ^-hteift 

«^Ro*»^3&sr^u7r^jR«B^«^ixsto-e % hi 
Sox, high-k^- Mft«Wo«ftWJe^tt*srft±i- 

[0008] 4?t, ^wo^wflcjsai^ist, -y- 

[0 0 0 9] *»W<o*iB*MS«»c*5^T, y- h*6^ 
R±»^yrRtt, -OAR, RRRVRRSr^tf 
[00 10] ro^ptc-r^^r, y-hmSWJisf^, K 



[0011] **M©^»fl:SSH^*5t>r, — <o&m, 
StmAXfisV ^v-Sr-tix^ixM, OMS i <b LtBR 
t*R©ftl*S:MxS i y O (filx>01oy>0) k 
*ELfci:#l^ 0. 23^y/ (x + y) ^0. 90 

[0 0 12] rcoj; 5f-i"5i:, high-k^- h*fe»Ko 
JfcR«*Sr+5MR 9 0 ot;afl^D*&»»«t 

[0 0 13] **WO*i»ft:aSll^*3t^T, 
ttX&t/i'y 3^***t-PiXM, OMS i t 
t$MMMxS i y 0"(|aLx>0loy>0) k 
SELfct#i:, 0. 23^y/ (x + y) ^0. 30 

[0 0 14] z<D£o\z1rZk* high-k^- M6»K(^ 

««tt*i*«r+»«%ft3ft*b, 9 o o < c««©n&*yate 

^high-k^- Mft*«^S»»Se)6ttSr«i*^(Ro 

[0015] ^jsm^^wfrifia^^v^T, 

^y^VMIilr^m O, SiWNi:U 
TU'< V TR(£>£&/#£Mx S i y O N ({B L x > 0 _&0 y 
>0) <h^I5Lfci:#(C, x/ (x + y) ^0. 10 X 

[0016] ^<oj:9l:t5t, T»'< y TR«>JtR* 

[0017] *«n0D¥«#tt*KC«V^T. Mi 

[0018] #3B9iK:«53l 1 (0*m&$m<OWkj5fe 

■•«t»*tSI8i, *R«*Rte»LT*fc«!« 
£fir#5 wirtcj: 9, &Kfll*>b ->y =>>«r(ftR**R 

[0 0 19] Sio^MMilMia^^, glf 

$re#5 0 rs>fc«>. a&RS*R+Joy a^Wft 
y ^>^w^m^fiMig^Dir^4 3 oii5^sfc«t 



(4) ^§12 0 0 3-8 0 1 1 

6 

*6»R, o^9high-ky- hlMWtey £ 
*wi*:8ifi|-e**. Sot, high-ky- M6»R^SR 

[ o o 2 o ] m i <0¥W#«B©«**ftfc:*5^"i\ sf 

10 [0 0 2 1 ] ^(DX 0^-tZk, W*14>C'>y^ 

[0022] mi (o*mitmw<Dmm*'mz&^x. m 

»c«*ix«S/y = vSri«R«*Bl^^a:tk$-frSxe 
20 [0 0 2 3] rtf>J: pK-rat. J5R8*Stlni/!)3 

y a ^£*ar«*r fc mm t ^k*m 
it-e#6 0 T»^yrRfc, ^y^>M^i 

[0 0 2 4] mi o**»:agttcojgig^rfefcfe^r, K 

$tp y - * :/ y # - £ ffl c v d mz. x 9 mmmm 

30 R*:*fiK"r*xa«r*tf - £ Li\ 

[0 0 2 5] r<DJ: ^Jci-^t, grJetf>4&»«:*irii&R 
• MRfrttXfcTSjSt-* r t 
[0026] mi ^*3»ff36«<o»ifi*jSfe^*3v^r , K 

[0 0 2 7] C^^pH-r^dr, 0f«O*fr<:^trKR 

40 [0 0 2 8] 11 CD^(*Sie^$8^**t-*5^T, S5 
Bi*J8S:*filtt5l8tt, BfS<Z>*«*«tf*iaSl c f 3 

Rfa*«Sr»fiS:i-^xaS:$tf r. i: bv\ 
[0 0 2 9] rcoj: ^K-rsdr, Bf^^ftKSr^tpUR 

«*R«r»|gic?Bfi8-r * r k & ^ 0 
[0 0 3 0] *«ni:«&i2 o^WflKSSB^Ra^ft 

RS:?B«-r6Xai:. ffiRB^R^^LTJRaaSrff* 

so «s*r->y =>*w»R«*R«r»*i-sxai:, > 
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[oo3i] m2<D*mt*mm<o%Lmijmz£z>k^ * 
\z± vm&ztiti&iL&jn'Xi'!) =*^&mmmmm*p 

lc<v^^ = ^W*R**Ro*S#as3gBSS 

* 9 high-k^- h y - * i:5rt«rj» 

[0 0 3 2] ^2(D^^gC0M^^^^6^T, M 20 

[0 0 3 3] Z<D£o\z1rZ>t, iHl$Wl^>y^ 

*Bti:lR]CAJIl*r***5r k&X£Z>tiib s TfflJ^y 
TR<z>J£R«*£iK< T-f\ -ttb^«tory— Mfe»K 

[0034] m2<D*m#&m<om&ijm£*s^x, m 
xawu **£&-&ify 

*-*:/y;fr — ^*fflu^CVDSft|cj:9jlSBI«*BI*:» 
^-r^X^^r^tf r £ 
[0 0 3 5] rcoj: 7K*Sr«tfi«R«*lR 
«r*H»c^i-5 r £ ^-ct 5 0 40 

[0036] n2<D¥m>{£mm<vmm%mz&\,^x, m 

[0 0 3 7] -©J: TK^^^tp^m^K 
[0 0 3 8] JB2 0)*»i*:SSB<o»a*ife^*5^r, K 

»*Jgrici-5XS*^t>r £ so 
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[0 0 3 9] CcoJ:9f--r^<b> TK^^r^tpSRm^R 
[0 0 4 0] mi X WtJB 2 o*W»5S««>»ii*ftlc*5 

[oo4i] z<D£?\z-rz>k* > y =* >tt&mmm 

[0 0 4 2] Si XttflS 2 ©¥S*fl*«o«iS#ttfc:fc 
v^T, KR«*»tc»LTS»ftiaS:tT«:5xet»«« 

mzmit-r* zkicxv ±ns< y 7K^Mtsxg^ 
[0 0 4 3] :^)J:9[:t5^ h«tttm£fflBt 
fc, i»/<y7ii:, *R«*R£I^ -5 

[0 0 4 4] fg 1 Xtt* 2 0^**3S«^*3S**^*3 
l^T, iliW«*K**J«i-6Xatil5»«*llt^»UT 
JlittatrtfftixafcOlBIc, iiSK«*Rc5*ffi«r»t: 
i-5 r K «£ «9 Jtffl^ y ri!t«r*fiRi-sxa«r«*.-cv^ 

[0045] rcQj; o\^-fz>t. f-vmmmtnm 
zk&xtztzib. ±U'<VTm<Dt£mnm$:m<x 

«\ ^n^J:o-cy—hj»»R^«c^JfcR«s|5«:i«<i- 
[0 0 4 6] Si XfSSg 2 o*Wflc3Sao3H5S*fet-*3 

v>r. K»«*Rjc#br»fti3a«:nft5xaic*5Jts 
Kuuaftfttte o omios 5 owtfcs: £ 

[0047] i«w**Ra>&jjfje© 

o r ffiRm^R* y = >- Sr**^4t1R S r. 
[0 0 4 8] Si XfiS 2 co^Wi*R«<©«5t^«fejc:fe 
O'S i t Ut 5/ 9 a yt**«tW©jBfll«:M» S i y 

o Hatx>oioy>o) trnm-r^ km^m^zf^ 

6. 69-y/ (x + y) +7 4 9. 4X&>ZZktW 

[0049] r^j: o '>y^y§OTl$ 

R**r*high-ky- h«liR^inn$£tt«:9kXlc« 

[0050] r^s^, hfliffittv^y =*>£^tM>t 

»J:!9*?). y/ (x + y) ^0. 3 0 "CifcS r £ 
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[0051] z<d± ?\c~rz>t, «>y^sts» 
[oo52] mi 2 <D*m&mm<DM&2>mcto 

[0 0 5 3] ZCDX 0\Z-rZ>t, is]) =>"^*JISII«* 
§££^1-£high-ky- h»BW*o>cP6* J: «9-JHB» 
T*#5 0 io 

[0 0 5 4] 

fttttolcfSM I S 

[0 0 5 5] m l li, mi eo||Jfi»«Jc:«-5¥«t**B 

[0 0 5 6] H 1 ^^-T^tC, is]) r3>S^l OJhK 

hfein i ^it^ Mil 2*s*rt*ttr 

v^ 0 3 ySS l 0 l^ltsy- MS l 2 

OPnfflJKWu y— KM >ffi«£ft55F«W 20 

il 1 a^TlCM^^T^yrjgl 1 b <lr, ffi 
St^ll 1 a(D±M\cMf&£titi±W<!) 7il l c 

[0 0 5 7] SS^m^K llali, JBv^tt: 

BW^fto^^^A^iNr K (H f 02 ) \zis]) 

*-y->f K (Hfx S i y 0 2 (IILx>y>0) ) frbffi 

1 a k^S/C*BSihi-^T«^y TIRi lbft Wx.tf 

XRWRl la^-Mii 2 ^S/ESrB&Jh-*-* 

"±Sfu^y tri 1 cti, mtfs*£'&tf>'y =>^*r 

Til lb & iffi^ DTgl 1 c ttXgttt*'< y T K 

[0058] ft, mmmmm 1 1 a as***r^-e^T 

h£\<\ MfeftRl l^lWKW4nm 40 

mm<om^. mmmmmi 1 a ©«iMRfii2 nmn 

9 , Tffl'* y 71 1 1 b ^»1WRSIJ 1 n mil 
T'fc 9 , y T m 1 1 c CO^SWI/li^ 1 n m^T* 

fo^o mmmmmi 1 a, wyrgi 1 b^ 
60 

[0 0 5 9] #H!67gffiK:fe5V>T\ ffiKS^K 1 1 a £ 

ill 1 a(DfRWgc3£ttS:{Rofc«)-e*>S. S^tfcxix 

I*. ->y = vSr$tfS5RB*Hl l a J*. ffi&O^S so 
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[0 0 6 0] Hl2li. H f O2 *CjS*Di"Si^y ^y (s 
i) &t. Hf02 <Z>»fi{fc«affXtJ5f|ftftSS?Stt«liEffi. 

T\ igi«g^ix.Tt)B^l:W (Hf02 ) ±flc 
[0 0 6 1] 12 ICioV^T, 8t«lte, »fi»9©H f O 

2 K^*ixSS i JS^<7>» (UXT, SigS^n) £ 

*ffi*«©Hf02 IC^Stl-SH f m*<D» (^T\ H 
^) ^tt^5o 1-*fc>^ 1St$te$i (Xi = (S i 

mm/ (s i ®s+h f mm) ) x 1 o 0 = 0%) us 

i^<^&V^Hf02 Sr*U (Xi = 

(s i »«/ (s i II+HfjgS) ) x 1 0 0 = 1 0 

0%) liHf^<^M^Si02 *r*-fo £fc, 

[0 0 6 2] El 2 \C^-T «£ 0 fC, ItXi COit^Dtw^o 
T, o£ 9lR*DS i ftCOitJfl^oT, H f O2 CDfeU 

H f O2 ny^ox.6w^CJ;oT, H f O2 <D 

M^WJ|LTV>< r £#fc>a»3 0 C*U*, Sift 
^ti-^-rr^tcJ: 19, S i f O2 o^Hfv^U 

^r- httMS7^7 7^*«S:«* L^t< 4 5 , * 
<d&& % SifiT^tH f 02 R^^ B B B ^Utc< < ft 

oT7^77^1^^I^^W*^T'fcS 0 

[0 0 6 3] ?&tt3c36tt«!Eia* h f o 

TRTP (rapid thermal process ) ^B(-<t^ 1 a t 
m(7)N2 ^^^T*3 0&f H 1<7)T^— fV^M^f^ bW>% 

fcT^SS-Ctt, S iMHf Oz I^l^fcMOS^ 

y-^«aRT/s4ttsfflWftfls 
-m, s i f 02 miz.tevzmm#)teXf&<DMm 

LTMO S *c*'<is*<D y — ^««35««L»(C 3 #i 
M&i>mto-fZ> 0 Z<Dk%. C-V (Capacitance-Volt 
age ) Sy^iCio^TAccumulation (g^) t^ffiT^^S 

OflSf-CIt Si^tHfOz iffiPf:MOS^rt^> 
[0 0 6 4] ^fc, tbXi ^7 o%^±ic-r^t, S i 
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(7) 



2 0 0 3-8 0 1 1 

12 



<H23 %J^±fc;h,tf , S i $?TH f Oz m&&£k{k 
LTIiT^u^ T ^ftMtfli&ftXhZtzfr, 9 0 0t 

o us p * * a^o t>otzm&ich\)-i? mm, & &*m x 

[0 0 6 5] ID 2 iC^i- <t 3 (C, Si as/ ( S 

iM+HfSS) x l o O^Xi [%] i:^f2-r6<i:* 

9&fe7**x^&mx*zz7ui:xmm<K>wmb. si 
§tHfo 2 wcisttas i m&<Dmmk&7F-rw.mT 

= 6. 69 - Xi +74 9" 4frj£$&XZZ> 0 fl^x 
7 , Dt^tiaMSi8SftT=6. 6 9 • Xi 

+ 749. 4 <t u t)TWit^5: h&&mx& 

6o AflcWtCtt, Xi S i t^H f O2 £>» 

jacdSft£oT^5*g\ :/n-fc;*ififtfcj;, Xi (Omfem 
t Z> iR»3c^tt«liESS T WTOlgffi H -C ft 

K*Kfift«:]Rin«£ttftKfiftT £ Lfc £ # 
©Xi ©*±9t**4Xi Sr^rT* J: i *SjR*n 

^iifcH f 02 mo* v h f :>y mti«tft» 

ito«^> 3 ICS i ««*:*«-t"S»*W:, 

8ii 2 1 ury- mmrri 1 nisttsy 

— htBM 1 2 ir<D#D5^bT#J2 nmgSCfil^ibo 
[0 0 6 6] H3I1 0 2f^i-Bfl« (HR«£j|l) l-S 
«$Stt«:««fCt 5H f i/y ^- h^M (X! ) <o 

tt^JtttSrtSofcfefai, Xi 112 3%«±-c*»tntf 

[0 0 6 7] B4I1 H f Oz SiSh 
HfOa R©J*R«*£<0BB«&^LT^a. g)4(cjo 
1>T, ±0>«ttra:S ifi^l^i:^^, lfti£cDXi = 

(S i aft/ (S i »ft + H f aft) ) XIOOM^L 

(H f (S i Sg + H ffig) ) XIOO^I 

rv>5o a«n4Hf02 mfD^tmnm^TjkLxi^ 

[0 0 6 8] EUld^i-J; Hf02 ROifcR®35 



te, Xi #0%<£><!:# (o*9 S i «r£<$*fc^H f 
O2 ^SS5-e*^2 4T*fc5o Hf0 2 

Xi ^3 0%^b9 0%*T?<OM«JtR«*tt*?Jl IS 
«<OI5tf— ^OffiSrlS«F't-<5. £ «b(C, HfO Z R*£> 
Sig^ifx.-cXi a* 9 0 4:. JtR«*ttH 

Vtft^^Ml^UMX). Xi dSl0 0%(Oi:# (o£9H 
fti<4*4^Si02 §£<£>££) , JtRWttiKj 
3. 9tteZ> 0 t£oT, Xi ^9 0%OT(-t5^i:i: 
10 £9, X2 Sr 1 0%J£AJblc1-5^ 

[0 0 6 9] £A±.\z%lWLX$tz, HI2-lll4{c:^-r^ 

sic**** 1 a mmmmmi 

^nx.Ti«R«*R Hat y T R 1 1 b RXf/ 

xttin^yrii 1 c fc snfew»«KtT? 

1 a tc^tt^xi = (s i aft/ (s i aft+H f a 

20 ft) ) X l 0 0 112 3%J^_h9 0%KJlTtcR3£StLSr: 
[0070] ft, Xi = (Si aft/ (S i aft + H f 

«ft) ) xioon mmmmm 1 1 a tom^H f x 

SiyO (fILx>0lOy>0) t^lSLfct^CO 

( y / (x + y) ) xioo^i^st^^o mmic X 

2 = (HfSS/ (S i $g + H f ■&) ) X 1 0 0 
il, (x/ (x + y) ) Xl00^ftfc6 o 4fc, 

xixt^x 2 us i »stH f mmt<Dm&&%c'th<D 

tfeSOT, #*£*5H f »tHf-> 
30 y^hiUN^tt^S^ CU F 

St/HifC0flfe©7C*^$^Tl^^^>b, Xi ^t>*X 

[0 0 7 1] El5tt, Hf C)2 IlCtttSS iftt, 

Hf o 2 R©««tt»A (n&mmmzmz>*x<Dmm) 

&<DB3ctteZ>* Wift<nxi = (s iSg/ (s iffift 
+ HfM) ) xi00«r/Tltl^ D Tco«W 
liH ffWl^t^SXz = (H f «ft/ (S i ^ft + 
H f aft) ) x 1 0 0£r^LTV>5o «ttttH f 

40 O2 R^(t*Httlf*S:^LTV^o 4fc. DliH f O2 

[0 0 7 2] AfrWtCfl, fifiJ©S4SH fyy^r-F 

T> TDDB (Time Dependent Dielectric Breakdown 
measurement ) f*^£fT* 0 Z. t \C X *) , ^FS^ 10 0 
ppm, jffejtRSnSI (MOSffiU) 0. 1cm 2 , fflft 

1 0 o't:, bj*d«eevc =-1 eot (s i 02^ 

&mm) =1. 5 nmit^ftfrT'C, H f '>!) -{r — h 

so 5o ::-c, #t>^n:*3it-5H f ->y 4r- mr^s 
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figte, H f *r&*ftt^S i O2 frb s i *£4fcV*H f 
[0 0 7 3] .fcSPMfflMte, TDDBW:ffl^^5 

^^yy^mmBmrnm x i o- 7 cm 2 ^hsxi 
O' 5 cm 2 ^(D&mxhv s mmmmmo. i cm 2 

i comm&mft = mmmmm 2 <om m&m& 10 

(fiL/Sti!^ ://HK#) *<£fflU^o TDDB 
WRB*tf>i&ai*^ififl»fe 1 0 0 < C^T*co®HT^t), U 
Si 0 0 < C"CO«!Rtt*A**«)64i'&lJ:tt % ffiSgft; 

SrftJBLfco ^&mi 0 0 p pra-C(0«iA 

&##>54§^l;:f*, TDDfeK»t;:j;9»feftfc!7-<:/ 

»«»^ififilfl|[j»*rjgftb^o £ b^, TDDBRR-C 
lift#li"Civj:n*#4Vc £/Bi^5— v G = 20 
- 1 VTOf|(Bt»«t*«)5i*|:tt, (Vc (TD 
-V f b) /Tph (fEUV f bi!77S/ 

i^okwe, t p h &i&mm±#<DMmm&) 

bmbtlZ, ^WEox (real) t^'t^mm 

[0074] S93*o«**jsfe*ffit^r»^n^:ia5tc^ 

i~3gm»cj:5<t, Xi (JkdUM*) ^3 0%J^Tt--T5 
r^rtcj;^, X 2 & 7 0%£X±{c-tZ ~ 

h\£X9* Hf ^y^r- hROflMttMttl 0*FfiLb 

H5m^Ttt, ^^(Ol^Eox (re 30 

a I) fc»LT, J: 9 ffi«Sfll^(DfiMtt»«o}i£«r 

B#(DV G gfrlC^fLT, XI* (Vc (TDDBKW) 
-Vf b) XEOTCD^ib#«btL5, ta«ftt»E 
ox (effective) It, «t 9<ft«JE«J— <Ofi*Btt 

[0 0 7 5] trw, i2-g]4 ^-J-JS*!- J: 5 

f -5r— hWc*5JtSXi = (S ill/ (SiSS 40 
+ H f m&) ) X100I123 %&± 9 0 %^TI-1££ 

St. Xi *3 0%»Tmri:l:J;^ ft«tt#^ 

v^jtit«*iciD*.-c«*tt«rmsiaLfc»^ xi o# 

* Ll*BHHt2 3%£*±3 0%£TFK:*a. fib, 
»rt*rpTtB4:-*-5:/n-fc;*) ^co, MfitUBSAtt 



[0 0 7 6] 13 61*, HfOz KKjSaDfSS i fi^ 
Hf0 2 H©JRftSfittXt«t*ttt©B8«S:*LT^ 

[0077] me si ^^t?H f o 2 m 

X 9*5high-ky- M6»Kfw*5Jt6«5ft GHtt) XII 

LV^j6HttT=6. 6 9 • Xi + 7 4 9. 4 <fc 9 t> 
T«J©ffiH"Cfc5o 9 0 O'Ctf^n-fe.x^jB 

i 1*2 3%JL^±9 0%KTl2lR36SlXft*t*Ltffte>ft 

««Htt^Srfi»a-rixtfS<. Xi **3 0%Jg*"R::R 

S i ONfctt;iThigh-k#»*y- hfettlttmJ: LT 
fl&ffl-T5£*KP oly-Si XI* S i GeW- h 
tiW^Lt^t^f^ o£9, tfc««jffii&©;F 

fe^fc^, T = 6. 69 • Xi + 7 4 9. 4 J; 9 fcTWJ 
T*fe9J.oXi IJ3 0%BT"Cfc5»SI^»*U\ C 

Xi 1*2 3%^±3 0%«TH:K***L3Sltixtffte>4 
V\ 9 0 0tll y-^fil«, KWyffl«X(rt 

[0 0 7 8] «±teRWLfcJ:3lc, ffioHlk^tn^ 
J:^5<t, Mfeili l Sr*^i--5ffi^«^JKi l a 

[0 0 7 9] ^^c, *i(0*16»1l8^J:*t, y-hite 
Ml llc*5it5»B«*Ri lacoTfflfll^ >-y=» 

fi*ar/»**$tfT»^yrKi 1 b^flFSi-a 
££65iJ:-egr£o T^yzRi ibn 

S5K®^Kl 1 a *(D®^iaoT'>y ayssi 0^ 

*ri oco^sic, s i o 2 KirraasojtRia**^-*- 
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zmtm&w^mt ur^^ns^ y-b&mmi 

[0080] mi(ommmm^^^t. Ts&^y 
rmi i bM, mmmmmi i a ^c&jg. ^tttr 
^/N^^^^^^tLT^^fc^, wyrn i b 



\V> A^10%^AtS (o^«9X 2 ^10%) 



. & it), TSI^ !)7lilb oJt^m^^Sbm^lc^ir < 

Ta^y tibii i bi^tt £v-y ^>-g-^ft^^#< * 
mmfc&mzi&T-fz>o i-frt>%. T^yrn i b 

[0 0 8 1 ] £fc, Sgl ollte^ffi 20 

mmi l^tertzmmmmmi i a(D±m\z±^y<vr 
mmmmx^v =■» <b N ^m^sm 1 

, ^^*«XttT*r»*J-c#5. ±95^ y ran 1 c*s 

m#ft±i-3 0 i^urii 1 ct5s, mmmm 

TIB 1 1 c<BJtB«*P£B&< -C#, ^ntcJzoTy-h 30 

[0082] fsj, k 1 <D*mmmz&\,*x * mmmmm 
1 1 a mmmmmi 1 a ^i^^t^i^h i 
a t TU'< yrinb Rifi/xi*±M'< y rm 1 1 c 

(s (s i mm+H f ) x 1 0 of* 2 3 

5M-f£<t, S&R©^ffili 1 atf>tt:B«*«:S&<-e#s 

t&ic 9 0 oTcaftojRfeja^wurfcaswwiii 

1 a <Otefi^bS:Mi#J LT^Cgi Lfc y — * 40 
y-M&Mtl lOjRWScftttS: 

nsn^o- :^)^, mmmmmi 1 a 

Id&tfsxi ii2 3%J£A±3 o%J£ATKia:££*x<5r t 

plx. mmmmmi 1 aotoy-nsMi i^ft«g 
Xi £3 o%«Ti::Rj£-fafc*i*-e, y-h 



[0083] mi<om&j&m\z&^x, 
mm 1 1 zMfc-tzmmmmttnt lth f o 2 srjm,* 

tztf, z\fL{ZiXz_X, Z r O2 , T i O2 , TazOs, 
La 2 03, CeOz , AI2O3, XllBST (s<V$J± 
* hnyf^^-^t^ K) ^ffl^ttJ: 
l\ ifclMi* HfxAl y 0 2 (fllx>0lo y >0) 
^<0 3 5€^fb4^£ffi^T^<U\> §fcVM3, J^±^iiE-< 

b&m^xh&yt^o 

[oo8 4] &iz^ mi<on&Mm\z&\,^x, T«^<y 

TBI 1 bit;jbtt/<!)7Rl 1 ctWtfc^ h T^U 1 '! T 

tii 2<Dun^<Dm^x<>x^ TB^yrBi 1 x^v°N? ^ 
b»t;/xii±»^yrii 1 c*:H*t*<r i bJ:v^ 
[oo8 5] &tz, mi<ommmm\^i^x s v-im 
ii2tLt*y^y3yti«rffl^ mi^x. 

T i N^^ A 1 ft^II (TJg*5T i NJR) , 
Ta^, T i NmXteT a Nm^<D&mm ^ 

hti^v^ti^o h 
IWfi^: UT i NBIXttT a N^^^M^^ffi^ 

[0 0 8 6] (g2 <OXMS»|R) JL^T, 2 <D 

[0087] @7 (a) ~ (c) Mi8 (a) — 

(c) tt, *2 0»*?Bttlc«-B^SJcflc3g«<o»3t*jS 

[0 0 8 8] EI 7 (a) p^^y 

(100) stg2 0±(c, ^^^Biite&K (m^ 

>S«2 0 ^ffilC^ LTCTR C Aj^Mr/f IRH F 
ftJ*«rfT*5o 7 0 0tiS©flSTWH3 

#*£ffll^T/?$0. 7nm8*0^j3VlffiWti 

(SisN^i) 2 1A$:v'y3ySS2 0±(C«t 
60 ^<Db$. s i 3N4M2 1 A<N£tt7k*aH-#fcfc 

^$tl5o f^, S i3N4«2 1Att*»»tT»^y 
712 1 (H3 7 (c) #M) t*S 0 
[0 0 8 9] ftK. H7 (b) ^i-J:5f-, /^^^^ 
i*£^try— ^^y ^$:i^f:C VD (chemical v 
apor deposition ) 9 % Jl^ 5 0 nmlS^7 

^r>^^:^ri^^ K (H f O2 ) ^2 2 A^v-y = 

2 0 JiJCJKfigi-S 0 ^frWiCJi, tt#H f y-^T*fe^ 
Hf-t~butoxide (Cie H35 H f 0< ) * 
(1, ^+y^tfc4S* (N2 ) tf-XSrii-f- £1^ 
J;ot, Hf-t-butoxide ^r^^^y 
THf-t-butox i d e^m<b^^:^)o LT, 
^{bU/cH f-t-butoxide ^r^tfN 2 
«r. K<CfflT«>d«:flktt« (O2 ) ^^ir^ic, ^>y=i 
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Li^b, 5 0 0tISOTSTT*RTCVD (rapid 
thermal CVD) ftlSrffiotH f Oz 12 2A» 

[0090] S i 3 N<12 1 All, BMfcffilG) 

02 tf*\c£*)mik£tirs i oNi2 1 BtteZo s 

iONR2 1Bll *>ya^Sfi2 0i:HfO2 12 2 
A b <DWKDfrl&&VS±'tZ>'< V Tte z^-t * t mz&m 

t£2 0±JdS i 3 N«l2 1 A«r**Lfc«, HfOzg 10 
2 2AOJg*W:S i3N 4 Jg2 1 A&KffcLTS i ON 
l2 1B$rMUl^^ SisN4ll2 1A«r»rtt 

srt4<, Hfo 2 i2 2A««cv'y=i^i« 
i ON182 1 B4riK«»j*LTfeJ:v\, 

[0 0 9 1 ] 07 (b) tC^i-XmtCjo^T, H 

f 02 R2 2Atl:i4, H-f V— ^«t»^*4x6** 
(h) r£*i<5 0 Hf y-^fic^ 

TCOMC02 i:4o"CftW<-rt^b*«*lX 20 
5 0 Sfc, ftw^rtl^tt, H f y-^Sr«^i"-55c 

*K 5 0 0tgg^)^gTt*liN2 ^f^fi*«Jc^ett 

[0 0 9 2] SI MSm (2ft^tySt»tfS) (CJ; 
DHf O2 i2 2A^MU:^5, Hf02 122 
A4r*St5±S47c*liH f WO-Cfeo^ 
H f O2 ig2 2AHH3 X10 19 ~4X10 20 [atoms/c 
m 3 ] m&(OC b, 5X1 0 20 — 4X10 21 [atoms/cm 3 ] 
m&(DH b T^W^nX Wco 30 
[0 0 9 3] tfcK, H f O2 122 AM*} IT»I 
(J^Tx PDA (post deposition anneal) ) ^rf?^ 

0 0 PDAii, WAtf, ffi**H«*»ci3v^r 7 0 or 

£oT. SiONg21B^Hf02 l22Ai:Oii 
«i6l^i:*»fc*:H9 (a) - (d) fc#BHL*#b 
»L<K«t6. ifj^cfc pda^3U6*lt^*5v> 

Til, 09 (a) fC7Fi-£5l^ SiONg2 1BM 
Hf0 2 K2 2 Afi-tn-Ptt**S:^Ay-CV^So 

x\ PDAznm-rzt. 09 (b) f^-fj;?^ s 40 

1 ONl2 1 BRXfH f O2 12 2 AO^n^fxtf^Tk 

bra*wfdKnt-rs«*, H9 (c) 

fC^-TJ; Si ON12 1 BRXIH f O2 12 2 A 

•^r IT, 19 9 (d) t^*tJ:5»-, wixb^fflTLSr^b 
Tv-y ^>S«2 OXIiS i ON! 2 1 BCtlMv/ 
^^Hf02 Wl2 2A*PiZ&:WL-fZ>tmc s HfO 
2 12 2Al:^liX^H f i ON12 1 B^tC&g: 

t^ 0 07(c) fc»+J:5i^ HMMefflS: 

©*v^!la^*Hf02 K2 2^M$ix5i:* so 
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ltR«*<Di«V>H f $^TS i ONR«t9ft^T»^ 
2 12 2 IS, Hf 02 12 2 A*s->y 3><Olt»lcj: 9 

y T 1 2 1 oft*tttta«MtJB 1 <a jOS*»<0TW'< 
y 7Bl 1 b bmmxtb% 0 

[0 0 9 4] i"**?*,, PDAWIJH f O2 12 2 A 
XI* S i ON12 1 B^e>^**KK^J:o-C»fiE$tL 
5£?Lte. Hf^Si ^0«S*£»Srffijii'Sa*Sr» 

0 0 r^^t, PDA^ias^r 7 0 ox:m&\z.m%:-tz> 

CQPD A£rfT& 9 ^tT*. H f O2 12 2 AfC S i 
V&/vX-m&&fe&<Dm\<^>}) 3^tH f O2 12 2 
ZMi&XZZb&lZS i ONI 2 1 BtCH f £r&9i£Ay 
T*lt^l^^^T^y7i2 1 (Hf^fS iON 
1) ^oT. ^yayMHf02 12 

2MTS^y7g2 l*«tfy-Mfe»Bt2 5 (0 8 

(c) #03) Lr^ttjcfittfea^-etai:* 

[0 0 9 5] ^(C, >>!)3^Hf02 122^1 

^<llt;t6:^aot, 08 (a) ic^-r £ 5 

JtRt*©a^Jf* 2 0 nm!S©±»^y 7»2 

ttf>y3^tHf02 rj:9*<5. ft. ±a^yr 
123 i ^*jfi»«8<o±w/< y ri 

1 i c bmmxhz 0 

[0 0 9 6] mS (b) ICTfk-tXolZ, ±Us<» 

ri23c^±[c, y- ht*i45#y ~>v ^>12 4 
r, ^y^>y =»vi2 4, ±3/<y7i2 3, ^>y=i> 

tWHf 02 12 2RlTF»'<y 712 1 K»LT)(H* 

K^^s^^SrfTtti. rttjci:9, 08 (c) ic 
T«^yri2i, ^y^^tHf 02 

12 2RTf±&'<}) 7R2 3(^aiiMtt5^ h 
»8R2 5^LT, ^y3>S«2 0±l:y-htS 

2 6^^^tL5 0 ^e^, y-Mi2 6$r-7^^<!: 

Lt> ->y ^ygffi2 0K»ur>r*v&A*fT*o 

7&M&-tZo ^*E«tt«Ji2 7*<D^*B*«r 

9 5 0tSa©a«T-C3 0»PflS 
Sof»«.a*?T*5o K±i:»BLfcl8i:ioT, hi 
gh-ky-h*fe^l^Wi-^Mi SSSSMhy^^ 

[0 0 9 7] £X±\zt&W LfcJ: 9 ^> ^2 oHIS^Sgic 
J:^^r. v/y^yIS2 0ll:, 7K^^-&tpHf02 1 
2 2 A£^f£Lfctg, Hf02 I2 2AI:^LTM1 
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(PDA) *fT*oT**&)BllB£ii\ *ti\ZL£QBt 
SixfcSTLSr^LTv'y 3>*H f O2 K2 2A*« 

Hf0 2 Jg£2 2 Aq^>y 3>£^WJ-^£-£ 

>^tH f 02 12 2 <&»«{bd*jiifo ::t\ $kd 
nKifi^o -t * o T*S JMfc Lie < l^tz 

yny^fHfOz ^22^«^-hffill25, 
o£ 9high-ky- htt8Jgi:D-^tWti:sl d:Sr 

[0 0 9 8] Sfc, IB2<o-|affi?Kffi^j:5t. HfOz 
K2 2 A«r»*i--5TOJ-, ^y^SS2 0±li, tK^ 
^tfSi3N4l2 1A^Mf6 0 ft> Si 3 N4®2 
lAte s HfOz 12 2 A£^/£r6£#KK{bi*»VC 20 

5 i ON12 lB^/^o ^tf^ H f O2 m2 2 AtC 
»LTPDAS:tf4 5i#^ S i ONJg£2 1 BtC^S 
tlZis}) =*>&H f O2 »2 2 A*lct£1ft£-t!:£ 0 * 
fc, S i ONI2 1 B^b***:BMI*-&, **LiM.fc 9 
M^ii^^LTHf Oz 82 2AI:$tti5H 
f^Si ONI2 1 B4Mc:&ffc£-£3r "9 T£M 
!)7i2 1«« 0 Z<Dtcib, HfO z J@£2 2Af 
l:yy =*>-£5£2Hc-££ii:£r fc*«t?#-6. S fc, Hf 
O2 B2 2AXtt:^y3>§SHf02 B22ti/y = 
>miK2 0 k&fcfc-rzz k Zo *tz, TU 30 
/<y7l2 1[:, '>y=iy^tHfOz R2 2tl^i:H 

[0 0 9 9] !2 0»il;J;Sh H f O2 

R2 2AI:#LTPDA^fr45I8i:, ^-hii2 

6 fcfcS.aKy ->^>12 4 $rMf5Il<!rcof B 1^, 
*>y =>$*TH f O2 R2 2 0*ffiS:SfttT±»^y 
7l2 3^t5„ Z<Dltlb s y-h«ffi2 6*0» 
fit^ya^fHfOz §12 2*<^m<b#:§:vMc& 40 
mi-^)C<t^teiJ:T^^ 0 ±^/<yrM2 3tc, 

i>y =j>-£*th f 0 2 §£2 2 £p5]CH f 

±»^y r»2 3<ojtRfa**a;<-c 

[0 10 0] 52^«lfa5i:, '^7-9 

J:»9Hf02 12 2 A£7f2EM-*fctf>, H f O2 122 
[0101] J£AT\ H f O2 JK2 2AICWLTPDAS: so 



fr*5lS©#» («lx.tf**KKJcj:6H f Rt/s i 
*>«:§:««) ai/a* («*«»WSK«tt^8k» Ico 

[0102] mi on, MKactH f 02 mfrb 

U£gt LTV>< tK^^T, TDS (thermal desorption spe 
ctroscopy : #iSffi«lt#3fc) SHc X oTffl^ Lfc*S*S: 

^uv^c mi oic*5v>-c\ ^ttttjRteataftSr^u 

<D*^# h/V'SaKSrSLT^S. mi OK^f J: 
K«SflL«#4 0 OtaftfcaM-Si:, S-*\ HfOz 

mu&&7 o ox^mmizm-rzt. Hfo 2 
ixs**^Bi(!ti-So WtoH f 02 BH^Sftr 
^^lo^ioiMiiaotHfoz R^p>ft»» 
\zMMviz7km&*<D&m&x#>izk^z>, 5. 6x1 

0 20 [molecules/cm 3 ] k ^ 9 B&V^**a*# £>*lfc 0 £ 
fc, mi 0tc^i-SmfcJ:5^, JR«iStaft3&S7 0 0"C 

5o t£o-C\ PDA<£>i&S£ LTH7 0 0 e CSS^*3B 

T-fctK roi^ir^t^r^iaot, h f 02 £1 

[0 10 3] £7t, »»H f y^TfcSH f - t - b 
u t o x i d e £/BWcCVD&^J; «9 S i mfc±l^M 
^^tif:Hf 02 ^fy^H^lt^fll^^-c^ 
»«LS : 10t/») *r*?ft^*a*fc, S?5> 

ISf^lr®T EM (transmission electron microscope) 

i:3^*BSJxfe. Sia (Hf 

O2 Ko«niE«) "Cf4 % S iS«©±fc, S ilR^5 
KIOH f JKW^fcV^JHM (S i ONi2 1 B£ 

<IoHfI^i5#V>Hf02 i^#Sf5c *<D&^ 
m&$:±l?X\,*< k. 6 2 0U^ 8 5 0«TOtfig 

s«jc*3i^r. w^Hf02 mk(om^, R^mx 
y> h s i wwi<ioH f 02 r> hn facias 

*4v^tBE4tlk»3ft5W fe*^#«E L*&#>3 0 ft^ffttc 8 

6 ot:-ci*iar=— ^Srfffto^i: r. h f o 2 j§£ 
teK&mmkvmmmm: t^y^^tHfoz 122 

f ^>y >jr- hmmmm±»<Dtmmm*m< teotz 0 

[0 10 4) ft, i§^£)PDA£>i§<£\ #ffii$«a*5 0 

t/»8fi^i»5t^*i:7 0 otggoMItfig^ 

f /s^ (IRAffif) 3ft*«»r/h*i^. Z<Dtz#>, PDA 
^jgH Lfe S i S«©»fbtt 1 n m«T L^e :t,f, 
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»K»<*S*S*, Attft^lFBJB (Tffl^y TR2 l 

tt*f£X, tttt««Jl^*OEOTtt#*^/hS<ft 
5 0 t4^*), **^t?H f y-7«:l^tCVD& 
lcJ:6Hf02 R^JBfiRtt, high-ky- MMftR0>J&jft 

*4v\ i»©H f y-7tffli/^c VDftl: J: D H f 
Oz R*»rtU ^HfOz RlcttLT, 

re>1\ ^co^m, Hf o 2 ■on»ft?c^i4oac», §5: 

[0105] Hi 1 ft, Hf-t-butox i d e £ 
fflV^CVD»l:J: H^HfOz R 

0~3. 3nmC0HfO2 RSrffl^IO^ htftt L 
T^Ky zXU ^ y^l^f:MO S ^rt^V^rof y/;H: 

Mr^-^goot, 9 5 otxtfi o 5 cc-et? 

fc 0 Hi lte*3^T, fltttfiy— hmJE (Vg) £r^L- 
T*5 0, fKNtt* M^tT^^o ♦149 0 0 

I^TltitD^ A«ti 0 5 o°cx*^m^n^:^tzt 

[ 0 1 0 6 ] HI 1 1 fd^r-r J: 5 ^ Hf-t-buto 

x i d e HSr^tf H f O2 Btftffli^fc 

a£ lf:C-V^-^^ LTJo|9 % ISttftMOS^t 
lT»i5 5taattti 0 5 O^CUUilCfciiLT 
V^o i-ftte*>, H^tfHf O2 0tm*3t^Ttt. PD 

Al:±5*IMliil:«iorH f»l/s i 

LfcJfrg^iS^T fc, H 1 1 IC^-f £ 5 1 0 5 0t 

[0107] 19 1 2 14, ***r«£4i^y— JMfcft 
fCft, H f -n i t r a t o (H f (NO3) 4) Srfflt^ 
tCVD&CJ: «9^^tLfc, Ht«4^Hf02 R 

1&JSRJS3. 0 — 3. 3nra©Hf02 RSrffl^lo^ 
- h®mt LXtfV is}) 3>S:ffil^MOS^v^ 

fst^fb-r^/c^or^— 9 0 ot, 950W1 



VgSrHJJDLfc. Hi 2K:*3^T, flltttty- 

(Vg) Sr^LT*59, ffifftli, SM/TlTV^o * 
fc, BJ4 9 0 OX:T^^^tT^ofci:#^a(OaiJ^ 
M^^LT^o^, #14 9 5 O^X-mMm&ftte-iiZbZ 
^i^iSM/Ttt^^ Alii 1 sottMl 

[0108] ll 2 Hf-nitrat 

oa>b»**ixfc, Hm*^Hf02 R*ffli^fc» 

0 ot:mS£TT*fo6 e hi lsi/Hi 2fc^i-«ssr 
^tt<ftiiE«afttt 1 0 5 ota«a±TJb5-*, h^^ 

*4^Hf0 2 K«r ffl v ^ fc»-&^fft«jge 3£tt«EEI!a« 
9 0 0tSSTfcS. i"<Ct>*>, H^tfHfOz R£ 
ffii^c#^o^s, ?RWSc^ft(SEffl«^i3V^T 1 5 0 

[0109] 01311 Si Sffi/ S i Nl/H f O2 
m/tfV^V a >Bt©«Iil«r*t 5MO S *^/<-> 
20 *K3o^T, H^tfHf O2 R2fct/H«:$**l^H f 

y^H^Lt, **#H« + "e9 0 Ot^b 115 0 

S*R«JSrO V^LT— 1. OVcoy-hm/EE 
(Vc ) *Bi*Dtry-^««jc ©MJESrlTftofc. 
£fc* H^r^tfH f O2 Rf3H f-t-butoxid 
e*>&*j«£;h,fcfcOT?a>tK HSr$S4^Hf02 R 
»4H^£^^y— ^A>^^$^ct>^>T^So Hi 
30 3 Mfc^T, yWfiftS:^L-C*5l9, 

■ ^^vNy-7^^fci^y-^ii j c oay^«a 

^IT^D , DJ3H f-t-butoxide ^rffll^ 

So 

1 0 l l 0 ] H 1 3 (c^-T J: 5 tc, Hf-t-buto 
x i d efrh&l&Z flit* H^r^tfH f O2 K&m^1t 

40 H^^*v^Hf02 R«rfflv^»-&^ii, Sttffc 

o£ 5 H£^frH f 02 R^rffi i ^itm^t It 1 0 0 

R^^v^cS^tc^, H^/ < (:^Hf02 R^^v^^ 
t tt;-<T^te^»*4r 1 0 0 0 ft<D l mS^TI- 

[0111] ->y ^>Sffi±JC, HSr^tfH f O 

2 I^t/H^^^^Hf 02 Ro-tix-tixSrraiStta 
R« (3nm) T^fflLfc^l^ #®S$r^tf#H f 
so 02ROEOT$raiJ^L/ci:r^, HZ^tsH f O2 R 
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o 2 mzmffiistzm'&tei . enmxh^tz 0 o*o, 

Lfci§£\ *®JI t H f O2 t (Dm-? S i RXfH f 

[0112] v-y 3 HSr£tW5S 10 

3. SnmOHfOz Lfc«, i£H f O2 RfC 

M LT PDAMI (8 0 0^ 3 0 8>BB) £*T#V\ ^ 
<£>SL MgKaMPf:XPS (X-ray photoelectro 
n spectroscopy) fel^X K> H f O2 Rtf>S®fl!Jj&»$> S 

1, O&tfH f Sr8J^Lfc£5, PDAW^HfO 

Hf^O. 60, Si^O. 49, 0# 

2. o^M^nto ft, 'xp sjfei^fcssjjt^fc^io 

Tte, i<hUHf02 R<D*B«*rRR-*-3fc«>* S 

£trj:oT, t*ffl«SS:2-*3 nmlSl^ttto ffi 20 
^fe^ct 9, PDAMIf OH f O2 RtC^l^Tte, 
S i 3ft«*ffije< ^-Ct£«LT#TV>Sr tamWLfc. 
[0113] BMtt, MO S*-rs<z/? ©JfeftR-Cfc 

^Hfo z m (tk^^d upda &frte o itm 

HfO z RjftRKftofeJlRJVJ:, MOS 

^r<*tttClte, CVD^ct^H^Hf O2 RSr/ifcR 
Ltzm. mH f O2 §lfC*fLT, EEtfme OOOOPa 
(4 5 0 t o r r) <OS*#H*4 l "e 8 0 0°C, 3 0# 

y Lfc 0 *y^y3y»:»u 

^^->^ASrtT*ofcm> MllOOOOPa (7 
60tor r) <Dii#Ktt9 0 0t:, 3 

-1. ovw- bmiz (vc ) SrHMraLry— *««ie 
Jg ©»e*tTfcofc 0 ft, Hf0 2 R/SRfilgofeS 

Ken, xy/y^ h y — ^ (ffl^tfe) srffli^raiss 

;*x*:<fecDT-fc£ e JtSfccofctf), H f O2 RteiatL 

T P D A SrtT* 5 I8*«K LfcMO S * o-tf- 
y^Wco^tt), HfO z RdURiE«0«SR/*J:. 40 

[0114] ii4i:^fj;5l;, PDA^oti 

Jc &/h$<»fiJT*£TV><5 0 r*U2, PDAi^oT 
H f 02 RfMcs i f§ttteT--/M;: 

^MoMos^rt^i^v>tH f 02 m<D-kn& 

»«lT?#^t©t%ie>ixSo Si^Hf 0 2 50 



&£h,1tt%z.btiZ> 0 &it* Ml 4IOTtJ:9^ P 
D A SrtT* o *3 It 5 V- y y - * mm^M^ 

is, Hf02 «o»awaic^/hs<*sj5 4rK*ic5i*b 

WLTPDA (tf* h • x^Kv^v-a > • — ^) £fT 

[0115] ft, m2<ommmm\^^x. v-bmm 

2 6tLT^^>y=i>'ig2 4 5rfv^5, rtucft*: 
O2S2 2(Dm&*mt^tz.&, y-h««2 6fci5 

t i Njyt&t/A 1 rst*^ 5/ ^ y v^&k x v mifcmm 
trt)J:v\ v/y^>-&tHf02 1220^ 

fcMtffci-Sr. £fc<, TiNlMTaNl^?rJtiL 
tict^o TiNl^liTaNgfjCSiX 

kKSM&SI (PMA : Post Metalization Anneal) &J]U 
?LZ>z\t{z£^X, Mfeil2 5^Pfe^^f)i: 
«t^r^^r^5 0 r(DJ:3l:M^/:MOSi 

ttJt^ZKXT}) i/*<Di£&it>m&£tiZ>o Sfc, PM 
AO?U&J*7 0 0 < C«±3&s*8b-C*>5. £<bf-> H£*g- 
ft^^ttM 5 0<C, 3 0^11g<Z)7^-/^tT 

[oii6] titz. S2^wto^t, h^fe 

ii2 5 ^Mt5^1$TO<!: LTH f Oz Srffl^ 
fc^, mCft^T, Z r O2 , T i O2 , TaaOs, 
La 203, C e O2 , AI2O3, X&B S T (y<y^^ 

V\ HfxAl y 02 (ffi Lx > 0 JLoy > 0) 

^<DZ7tJkmk%a*m^xh sSvMi, J^_htc^ 
h*fflv^"Ct)J:v\ ft, v^tt^#'&lc:*3V>T tK^ 

[0 117] *fc, m2 0^^S^io^T, «#Hf 

y-^/y^-m^H f-t-butoxide^ 

fflv^CVDSIUOHfO? S2 2A$:fiL^ 

^^^^Sr^tpfifeoH f y-^yy eux^txh 

*J>^)VT S hV^^^^i^ (TDEAH : Tetrak 
is diethylamide hafnium , C ie H40 N4 H f ) , 7h 
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7^^^f^7^^7^>)A (TDMAH : Tetrak 
is dimethylamino hafnium, Ci6 H36 H f O4) , Xli 
7- 1 * F^v'2>^2/o^^n7-')A 

(H f (MMP) 4 : Tetrakis l-Methoxy-2-methl-2-p 
ropoxy hafnium, Hf [OC (CH3) 2CH2OCH3] 

H f y-^^y # — !f\ WiffH f -n i t r a t o 

(h f (no 3 ) 4) t. Tkm&^&y-xtfx. ®\7t\s 
7kmtf*b£mi<^fzcv£>mc£ sh f o? j^t^u 

T^J:V\ ^'^POPVD (physical v 10 

apor deposition ) SfeSrffll/^^&ldte, 7kfg£^tf# 

*r*. mmmmm (Hf oi K) *ic***«««jic» 

[0 118] £fc, m2^^JS^flgtCioV>r, H f O2 

i3N 4 l2 1A|^(DW (QHMf& 20 

IS, 6 0 0-8 5 0tiS^aSt'HfOz I2 2AX 
(iS i 3 N4§|2 1 Afrbtfxt LTMLlomili 

9^££;h,*:^£^LTH f XteS i <Ot£«4rffiii"C 
#Sfe^fc4 t itf«l:v\ £fc, H f 02 12 2AMS 

i3N-4K2 1 A<D*tl?tllZ&*frZ&Rtef&mtoV& 

[0119] &ti. m2<DmmMmz&\,^x, >>» =* > 30 
x^i^m^^a 19 s i 3N4M2 1 ao^ 19 

T»^y7R2lS:MUtJ;i\ tfciMi, Si 3 N 4 
§£2 1 A^Mt6r^^<, H f O2 §£2 2 A«S 

-tZ^blcXV S i ON12 1 B^fgMLt'bJ: 
^, gfcVMS, Hf0 2 l2 2A(D$»M»HiI 
Sr^tf^t»At5ri:i:J:ot, 79^11712 1 
i4*m*©»iR«#»IBI«:'>y = >»E2 o± 
tCilC^figUTtct^o 40 

[0120] %tz, m2(Dmmmm\c^^x. *>y = > 

ikxte?? x^mt^Zffte ? z t\z&v ±&/< y tjk 

2 3^MLtt)J:V\ Sgt^i, HSffi2 6 

£lcj;oT, i/JayStHf02 H2 2^l^i{l: 
LT±fflJ^<y TJK2 3Sr^LTt ifcVMS, Hf 
O2 R2 2 A©«»»fiR©»»aBTa*Sr^tf^* 
^At^^^lCjlot, Hf 02 12 2 AO^ffiflfifw, 



[0 12 1] S2^ft®il:*3^T, H f O2 

^2 2Al:>ttltPDAmoT^!i =y§tH f O 
2 i2 2«U:g> v-y =»>"&^-H f O2 g220 
Sc®&gflSLTJbffl'<y TBI2 3*r»«Lfc3ft«, rixK 
ftxT, H f O2 g2 2A^I^LT±^y7 
S2 3^MLfct, HfO Z I2 2AC^ITPDA 
Srffftoti/y^y^tHfOz R2 2 S:»fiK LT t> J: 

[0122] ^/c, m2<om$mmz%>\,^x, tu^v 
rm 2i, y = y§tH f o 2 g22 &t/±ss^ y r 

Jg2 3oa»«5t±*d«a*«r**UT^rt> J:v^ D 
[0 12 3] »2<OHtfi?gffi^*5^T, 0 7 

(b) ic^-rxiiicio^T, *1\ JMktfcHf-t- 

b u t o x i d e^COV — J^^-frW*— rt^iH^ C A/ 

fern, mm#x*^* ^ 
y^rtMS^ito^#iait3 oo — 5o oT:m 
flE^XSHrt©— ftfflKlciSor fc3fts»*Lv\ 
(SifiTti/ y ^ >1S 2 0 ll:H f 
I^<8«$t51 kti*X£Ztz#>, Hf0 2 i22A 

^3 >B#Pfl^T^< -C#5e ^btC, H f O2 i22At 

^y =>sts2 o kv>mzm&zti&nmm (sion 

12 1B) Sr»<f5rtm5. 
[0 12 4] »2^HJfe^ffi^*3^T, HI 7 

(c) (c^-TX^T-fflv>ibix^ PDAtc:fctt5 Stasia 
Sf3 6 0 0W±lo8 5 0WTfc5ri:^ L 
l\ rwi^m^ Hf0 2 K 2 2 Art* 
JUcBUBS^rSrt ^titcJ:oTH f o 2 12 

[0125] »2<oHifi?g»^*5^T, *>y=i> 

^tH f0 2 12 2C0&&J&&H fxSiyO ({SLx > 0 
lo y >0) t*E-t-6i:*JcjHafi^i3-fe^-eo*i*;«a. 
S.*T ra 4r*lELfci#te, T^6. 6 9 • y/ 
(x + y) + 7 4 9. 4Tfc6^^5»*U\ ^<£>£ 
plC-TS^, i/y=ySSHf02 I2 2^t5^- 

^f-tt, T^6. 69-y/ (x + y) + 749. 41 
Oy/ (x + y) ^0. 3 0"C*>5r ktW* LV\, ^ 
pl^-f 'VyayftHfOz I2 2$:tt5 

[0126] 

h5o z\<Dtzft, high-ky- hi»!8BH-y— ^«8ttds* 
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[li] *»M©JBi©*«S«tt^«-5*W*iS«o»f 
in 2 ] h f o 2 icwboi-as i ftfc, H f Oz O&A 

[i3] fe/rft^O-fe^ftSiiaffiJClStJSbTJftftbK 10 

^® is &**iia x~&> z> o 

[IH4 J H f O2 Wcj8i0i-SS i H f O2 m<D 

[B5] H f O2 RKUBSrt-a S i 4£ , H f O2 m<D 

[i6] h f o 2 o«casiD*rs sitt, h f 02 jk<o 

[B7] (a) - (c) WH^©S2 0lftr^« 
[18] (a) - (c) li«B^^)S2 0SMl(^ 

[19] (a) - (d) \ttKw<Dm2<oni&Mmz-& 
a *w#asBoj*is*iste^ jaw- 5 p d ACDitm strw'-t 

£fc#>?)lT-£>£ 0 

[11 0] MimioTH f O2 J8l^bJ!tt8fiLTV>< 
7km&, TDS*^J:oTail36Lfe***r«i-|a-efc 

[111] **M©IB2(D||j66?gffi^«6*aeflcSgB^ 
IKifcfrifcfctettSH f-t-butox i de 30 
CVDSHCJ; t>^j££*x*:, H^tfHf O2 RKatL 

5o 



[112] ittt«i Lr***4*tt^y-^*«i^fc 

CVDmz£*>J&&£tl1t. Hm^HfOz Rid 
MIT, JR«ia«JCC-V8J^Srff*o^:jB*Sr^"ria 

[H3] si s&/s i nr/h f 02 
= >Bt©fflB«5tSr*ri-SMo s^r^^->^^*3i^r, 

H£"£trHf O2 R (*55MO»2<7>HjSfiJBtB) &t/H 

[114] MOS=3rt^'>^^lfeMt^5H f O2 R 
SS3g*ffiOPDA^tT*o^#^tC*5(tS> Hf02 R 

* £ <z> w& & TF-r 1 -cs> -5 o 
[^<^iftw] 

10 > y =1 

1 1 y-M6*R 
1 1 a ices^R 

l l b Tffl^y TK 

1 1 c ±»/<y7B 
12 

1 3 ^mmhrji 

20 y = >m 

2 1 A Si 3N4R 
2 1 B Si ONg 

21 T»^yrg 

2 2 A H f O2 fig 

22 f O2 n 
2 3 ±^<y7i 

24 # y •> y =1 >r 

25 bt&mm 
26 

2 7 ^movmm 

[12] 
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[13] 



14] 



A 


B 


750 


£0.1 


800 


£7.6 


850 


£15.0 


900 


£23.0 


950 


£30.0 


1000 


£37.5 


1050 


£45.0 


1100 


£52.4 



Air unwtm^s. 
(s i as/ (s i £j£+Hf aft) i x i oo [%] nmm&w 



xi=(sia«/(siaia+Hfaa)) xioot%] 

80 60 40 20 




20 40 60 80 100 

X2=(Hfaft/(HfSft*SiiBft)) xlOOCW 



[B5] 



[06] 



100 



Xi=(Si&fi/(SiSg+Hf&®))xl00[%J 
80 60 40 20 




20 40 60 80 

xr=mfag/(Hfae+sia«)) x iooc%3 



100 



Eox(reaOtf*(t 
E0T=1.5nra 
^fi^=100ppm 
MQSMNO. 1cm* 



100 
1150HT* 



Xi=(Siaft/(SisB*+H«ft)) xl00[%] 
50 40 30 20 10 




50 60 70 80 90 
X2=(Hfaft/(Hfaft+Sii&ft)) x100[%] 



\///\ :»W»Stta)^««**i*fii« 
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(a) 



(b) 



(c) 



(d) 



[19] 

[PDABfJ] 



\ \ 



H2 H2 ^H2 



22A 
— 21B 




22A 



^2 IB 



[Hf^ttflfc+sio&ifc] 



\HfO / Hi" - n-22A 



I 1 2] 



(Tph=3. 0—3. 3 ran) 




-2 -1 0 

*'-h^EVg[V] 



a* 

fid 



10 2 
10 1 
10° 

io-' 



6 

4U 10" 2 

I 10-3 

A 



ii i] 



Hf t-butoxide^fflt^fc^ 
(Tph=3. 0—3. 3nm) 




-2 -1 0 

r-hmaEVg[v] 



II 3] 



IO-sL— 
800 




Hf t-butoxide£ 



1 order 



900- 1000 1100 



1200 
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[114] 



A :PDAfcL (Poly-Si^ -» 




-7 l 

2.0 3.0 4.0 5.0 6.0 7.0 



F*-i»(#%) 5F058 
5F140 



BA20 BC03 BF06 BF12 BF22 
BF27 BH04 BJ04 
AA19 BA01 BA20 BD02 BD09 
BD11 BD13 BD17 BE02 BE07 
BE08 BE09 BE10 BE17 BF01 
BF04 BF07 BF10 BF11 BF15 
BF38 BG28 BG38 BG44 BK13 
BK21 CB01 



